correlation, our data demonstrate that silicic eruptions occurred not only at the end, but also at the beginning of the Emeishan LIP, and the overall duration of the main basaltic phase was short (< 1 m.y).
Introduction
The Emeishan large igneous province (LIP) consists of voluminous basalts, picrites, mafic/ultramafic to felsic intrusions, as well as trachytes and rhyolites (Huang et al., 2014; Shellnutt, 2014; Xiao et al., 2004; Xu et al., 2001 Xu et al., , 2010 Zhou et al., 2006) and has been dated at the Guadalupian-Lopingian (G-L) boundary (260 Ma) with a short eruption duration (< 2 Ma) (Ali et al, 2002; Shellnutt et al., 2012; Zheng et al., 2010; Zhong et al., 2014; Zhou et al., 2002) . Silicic volcanic rocks have only been reported from the uppermost levels of the volcanic successions (Anh et al., 2011; Shellnutt and Jahn, 2010; Xu et al., 2010) and are thought to represent the final stage of magmatic activity (He et al., 2007 (He et al., , 2010a Xu et al., 2010; Zhong et al., 2014) . Recent studies on derived Upper Permian sandstones that lie to the southeast of the Emeishan LIP indicate that the volume of associated silicic eruptions may have been underestimated (Yang et al., 2015) . Such effusive activity may have played an important role in climate forcing associated with the LIP by releasing SO 2 into the stratosphere (Yang et al., 2015) and possibly link to the late Guadalupian (mid-Capitanian) mass extinction (Bond et al., 2010; Bond and Wignall, 2014; Day et al., 2015; Jerram et al., 2016; Zhang et al., 2013) .
Across much of SW China claystone beds accumulated around the G-L boundary (Isozaki et al., 2004; Saitoh et al., 2013; Sun et al., 2010; Zhang et al., 2007 ) and although they have been invoked as providing a link between the mass extinction and volcanism (He et al., 2010a; Zhong et al., 2014) , their source is disputed. For example, Isozaki et al. (2004) and Isozaki (2009) argued that claystones originated from acidic tuffs related to subduction of the Panthalassa Ocean, whereas He et al. (2010a) A C C E P T E D M A N U S C R I P T
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Biostratigraphy indicates the limestones underlying the Wangpo Bed belong to the late Capitanian J. xuanhanensis zone (Fig. 3; Lai et al., 2008; Sun et al., 2010) corresponding to an absolute age of around 261 Ma (Henderson et al., 2012) .
The uppermost Emeishan basalts at the Qingyin Ge Temple section are heavily altered (Thompson et al., 2001 ) and overlain by the Xuanwei Formation. The formation is approximately 96 m thick and composed of clastic rocks that accumulated in a terrestrial environment (He et al., 2007; Thompson et al., 2001) . The basal Xuanwei
Formation consists of yellow claystones ~ 0.7 m thick (Fig. 3 ) that represent tuffaceous rocks and are considered to mark the waning phase of volcanic activity associated with the LIP (Thompson et al., 2001) . Iron-polymetallic deposits overlie the claystones with an irregular surface, and are, in turn, covered by dark-green sandstones ( Fig. 4b ).
Samples and analytical methods
Fifteen volcano-sedimentary rock samples were analyzed for bulk-rock geochemistry, including two ferruginous mudstone samples and six claystone samples from the Wangpo Bed of the Maokou Formation and six claystone samples and one iron-polymetallic sample (Xw4) from the lowest Xuanwei Formation (Fig. 3 ). All samples were reduced in a corundum jaw crusher (to 60 mesh). About 60 g from each sample was powdered in an agate ring mill to less than 200 mesh. Major element concentrations were determined with XRF by ALS Chemex. Trace elements were A C C E P T E D M A N U S C R I P T Cathodoluminescence (CL) imaging shows that most grains exhibit clear oscillatory zoning and a few grains display a homogenous internal structure (Fig. 6 ). Ce anomalies and negative Eu anomalies (Fig. 8) . The composition of the zircon
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grains show an overall increase in Nb content, and an decrease in Hf content from sample Mc3-2 (most < 10 ppm and 7189-10509 ppm, respectively) to sample Xw2-4 (most > 14 ppm and 6760-7917 ppm, respectively). The geochemistry of zircon provides a sensitive monitor of its parental magma composition and is effective for fingerprinting tecto-magmatic provenance (Grimes et al., 2015) . All zircons were plotted on Hf vs. U/Yb, and Th/Nb vs. Hf/Th diagrams ( Fig. 9 ) to examine the nature of the source magma from which they crystallized (Grimes et al., 2015; Yang et al., 2012) . The majority of the Permian zircons lie in the continental zircon and within-plate / anorogenic fields with a few falling into the arc-related / orogenic field ( Fig. 9 ).
Zircon Lu-Hf Isotopes
The Lu-Hf isotopic compositions for seventeen grains with ages ~ 260 Ma from samples Mc3-2 and Xw2-4 are presented in Supplementary Hf ratio between 0.282567 and 0.282727 and ε Hf (t) values (-1.8 to +3.7) (Fig. 10 ).
Discussion
Intense chemical weathering
Chemical weathering leaches and subsequently depletes the soluble elements Ca, Na and K relative to Al and, in some cases, Fe (Fedo et al., 1995; Nesbitt and Young, 1982; Tosca et al., 2010 However, recent studies on derived Upper Permian sandstones at Sidazhai suggest that silicic eruptions of the Emeishan LIP may have been significantly underestimated (Yang et al., 2015) . The limited present-day exposure of silicic volcanic rocks reflects
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their dispersal due to the likely explosive nature of the silicic volcanic activity as well as their preferential erosion relative to basaltic phases due to their position at the top of the succession (Yang et al., 2015) . Meanwhile, previous studies on the G-L boundary claystones focused on the Chaotian area in the northeast of the LIP where the Emeishan basalts are absent (He et al., 2007 (He et al., , 2010a , which also limits the ability to constrain the volcanic sequence. It is clear that Emeishan basalts lie between the claystones from the Wangpo Bed and the lowest Xuanwei Formation at Qingyin (Fig.   3 ). Geochemical and zircon trace element and U-Pb age data on these claystones suggests they were derived from LIP silicic magmatism and that this volcanism occurred both before and after the main phase of basaltic eruptive activity. from more differentiated magmas with some involvement of crustal melting (Xu et al., 2008; Yang et al., 2015) .
Clastic rocks of the Upper Permian Shaiwa Formation at Sidazhai (Figs. 1, 11 ) were derived the Emeishan LIP and indicate a source composing ~ 30% silicic and ~ 70% basaltic rocks (Yang et al., 2015) . Zircons of clastic rocks from the lower Shaiwa
Formation have approximately lower U/Yb and Th/Nb ratios and higher ε Hf (t) values than those from the upper part (Figs. 9, 10 ), which suggests a reduction of crustal contamination or assimilation associated with Emeishan LIP magmatic source (Yang et al., 2015) . Zircons of claystones from the lowest Xuanwei Formation have U/Yb (<
0.8) and Th/Nb (<10) ratios comparable with those from the lower Shaiwa Formation ( Fig. 9 ; Yang et al., 2015) , suggesting that the derivation of the lowest Xuanwei claystones were related to the late-stage silicic volcanism of the Emeishan LIP.
Zircons from the Wangpo claystones have higher ε Hf (t) values, though largely overlapping in U/Yb and Th/Nb ratios (Figs. 9, 10 ), than those from the upper samples of the Shaiwa Formation (Yang et al., 2015) . (Zhang et al., 2007) , and
Sidazhai (Yang et al., 2015) . SC, South China craton; SG, Songpan-Ganzi; NC, North China craton. (Yang et al., 2015) are shown for comparison. and Ailanghe (Xu et al., 2008) , and clastic rocks of the Upper Permian Shaiwa Formation at Sidazhai (Yang et al., 2015) . Fan et al., 2008; He et al., 2010b; Qi et al., 2008; Xiao et al., 2003 Xiao et al., , 2004 Xu et al., 2001) , Emeishan trachytes and rhyolites (Anh et al., 2011; Shellnutt and Jahn, 2010; Xu et al., 2010) , the average upper
